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We have observed a complete r ecove ry  of  S i l i c o n  solar  
ce l l s  clanaged by e l e c t r o n  or 2 r z t o n  rziiiztisx a t  r m ~  t c q c r z -  
t u r e  by thermal annea l ing .  The t e c h n o l o g i c a l  a s p e c t s  of  these 
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r e s u l t  2 are very  i n t e r e s t i n g  because w e  can  v i s u a l i z e  t he  p o s s l -  
b i l i t y  of r e j u v e n a t i n g  s o l a r  c e l l s  on s a t e l l i t e s  which have been 
damaged by space  r a d i a t i o n .  The purpose  of t h i s  l e t t e r  is  t o  
r e p o r t  some o b s e r v a t i o n s  a s s o c i a t e d  w i t h  t h e  k i n e t i c s  o f  defect 
a m e a l i n g  i n  S i l i c o n  which have basic p h y s i c a l  i n t e r e s t . '  . 

I n  ou r  experiment ,  t h e  s o - c a l l e d  n-on-p s o l a r  c e l l s  were 
used.  The f r o n t  s u r f a c e  of t h e  c e l l ,  where t h e  l i g h t  e n t c r s ,  
c o n s i s t s  of n-type (P-doped) S i l i c o n ,  about  0 . 5 ~  t h i c k .  Tjnder 

t h i s  is an n-p jGnct ion  of about  0.51.1. t h i c k n e s s  fo l lowed  by a 
t h i c k  p - l aye r  (B-doped) S i l i c o n  of about  500y t h i c k n e s - .  The 
s l e c t r o d e s  are Ag-Ti a l l o y .  The i s o t h e r m a l  a n n e a l i n g  ic 2x1- 

ducted  i n  a hydrogen atmosphere t o  avoid  t h e  o x i d a t i o n  7-i ':he 
e l e c t r o d e s .  

F i g u r e  l ( a )  i l l u s t r a t e s  a h i s t o g r a p h  of  a t y p i c a l  qx ?turn 
y i e l d  (Q.Y.)  curve.  The base material of t h i s  s o l a r  cell has 
1061-cn r e s i s t i v i t y .  The curves i n d i c a t e  a profound cha.>'-- of 
t h z  qnantuv y i e l d  a t  wavelengths longer  t h a n  0 . 6 ~  c o r r c - -  iding 

a de;?th g r?a te r  t h a n  3+,  i . e . ,  i n  t h e  p-region. IIowe-- * ,  

B i l e  ca.cnot i n f e r  a lesser damage s u s c e p t i b i l i t y  i n  t h e  7. ? Z i o n .  

~ r i c  a2pearanc'a of t h i s  lesser damage is due t o  t h e  p-n j--- : t i o n  
f i e l d  which is very  nea r  t o  t h e  n-region.  W e  a re  c o n t i -  - - g  
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t h e  work w i t h  p-on-n type  solar cel ls  t o  f a c i l i t a t e  t he  

comparison and t h e  i n t e r p r e t a t i o n .  
t h a t  t h e  damage in t roduced  by 4 x 1014 e lec t rons /cm2 of 1 X e v  

energy ,  cor responding  t o  a n  o v e r a l l  d e g r a d a t i o n  of 20% n-"ficicac:;i, 
c an  be comple te ly  annealed by h e a t i n g  a t  400°C f o r  15 rni:-ztes. 
I n  Figure l ( a ) ,  the resul ts  even i n d i c a t e  an  im2rovernent of 
the o v e r a l l  quantum y i e l d  of t h e  annea led  specimen compared 
t o  t h e  o r i g i n a l  va lues .  T h i s  e f f e c t  is s m a l l ,  bu t  is  no% a 
rare case. 

The h i s t o g r a p h  i l l u s t r a t e s  

F3gure l ( b )  g i v e s  t h e  change of Q.Y. from t h e  o r i g i n a l  
v a l u e ,  t h a t  is, 1 - (Q.Y.)d/(Q.Y.)o, due t o  t h e  r a d i a t i o n  of 
1 Nev e l e c t r o n s  a t  t h r e e  d i f f e r e n t  accunu la t ed  f l u x  l e v e l s  d 
and consequent a n n e a l i n g s  measured a t  0.911. (wi th  lOOa bazd- 
T;!idth). 
p i c t u r e ,  t h a t  the  number of annealed d e f e c t s  is p r o p o r t i o n a l  
t o  t h e  o r i g i n a l  number of d e f e c t s ,  as  i n  t h e  model of a r a d i o -  
a c t i v e  mass decay. According t o  t h i s  model, l a r g e r  a n a z z l i n g  

e f f ec t s  shou ld  be observed i n  h i g h  ciefect d e n s i t y  speclnens.  
:?igure 2 i n d i c a t e s  t h e  opposite. \Ye would l i k e  t o  emphasize 
that our  o b s e r v a t i o n s  i n  t h i s  case were made w i t h  a lmost  
aionochromatic l i g h t .  The re fo re ,  s p a t i a l  d i s p e r s i o n  e f f e c e s  
i n  t h e  d i f f e r e n t  r e g i o n s  of  t h e  c e l l s  connected w i t h  o ? t ? z a l  
a b s o r p t i o n  c o e f f i c i e n t s ,  a s  would be found w i t h  t h e  co::y-,;ite 
s p e c t r a  o f  an a r t i f i c i a l  l i g h t  sou rce  are c o n s i d e r a b l y  Tr'uced. 

The r e s u l t s  cannot  be exp la ined  by an i n t u i t i v e  
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F i g u r e  2 shows t h e  recovery of t h e  s h o r t  c i r c u i t  current. 
T h e  3.ight so icxe  is a Xenon a r c .  The c u r v e s  indicate c:; !.ni-k:-,.-.? 

:?.st sccr3ver:7 stage,  p l c s  a slo7~/er. s tage cr s t a g e s  of ;:cti.r;ex-::, 
- . %-b.c ',?--e * G I  3 -- e ,  , a s i n g l e  f i y s t  o r  second order k i n e t i c s  is r.t:: ,?*de-- ,.-, 1 

c,-~ate to ciescrib'e t h e  o b s e r v z t i a n .  T h i s  is i n  agreen?ec'; . i t k .  

t h e  c o n c l u s i o n  of Brown e t  a l . .  and demands a p r q o s a l  i..? m r c  
than one k ind  of d e f e c t .  ' , 
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A s t r o n g  dependence of the annea l ing  k i n e t i c s  on t h e  f l u x  
l e v e l  is also i n d i c a t e d  i n  F igu re  2. I f  w e  s h i f t  t h e  o r i g i n s  
o f  t h e  t i m e  a x i s  f o r  c u r v e s  of d i f f e r e n t  o r i g i n a l  damage, 2nd 

i f  there is  no i n t e r a c t i o n  among d i f f e r e n t  defects,  t h e n  t h e  

c o n s i d e r a t i o n  of the thermal e q u i l i b r i u m  of  d e f e c t s  a t  s p e c i f i c  
t empera tu res ,  and t h e  s i m i l a r i t y  of t h e  ra te  of  i n t r o d u c t i o n  
and a n n e a l i n g  demands a coa le scence  o f  a l l  cu rves .  That  
is ,  a l l  c u r v e s  w i t h  d i f f e r e n t  p r i o r  h i s t o r i e s  of  damage, b u t  
reduced t o  i a e n t i c a l  v a l u e s  through thermai  a n n e a i i n g  shuuld  
fo l low t h e  same a n n e a l i n g  k i n e t i c s  t h e r e a f t e r .  The o b s e r v a t i o n  
of t h e  o p p o s i t e  r e s u l t  s u p p o r t s  an  i n t e r a c t i o n  mechanism. .t 

W e  have a l s o  measured thermal a n n e a l i n g  f o r  s o l a r  ce l l s  
of  v a r i o u s  base  r e s i s t i v i t i e s ,  and observed a comparat ive 
d i f f i c u l t y  i n  annea l ing  specimens w i t h  low base r e s i s t i v i $ g .  
This is o p p o s i t e  t o  t h e  behavior  of t h e  dependence of  t h e  

r a d i a t i o n  damage on the  base  r e s i s t i v i t y ,  and i m p l i e s  t h e  
i x p o r t a n c e  of t h e  Fermi l e v e l  on the r a d i a t i o n  damage. 

The result”& of t h e  thermal a n n e a l i n g  of p r o t o n  damage 
is  much d i f f e r e n t  from t h a t  of  e l e c t r o n  damage, e spec ia l ] -y  
iii fka bA1b nnnea l ing  t empera tu res  and a c t i v a t i o n  e n e r g i e s .  T : - - ’ s  

phase w i l l  be r e p o r t e d  i n  an ensuing  l e t te r .  

I would l i k e  t o  acknowledge the  encouragement of M. r Zach, 
and t h e  h e l p  o f  W. Gdula, S. L u i ,  and G. Meszaros i n  t he  ? e r i -  
meatal work. 
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H i g u ~ e . . l ( a )  - T o t a l  quantum y i e l d  s p e c t r a  of a solar  c e l l ,  
f 

o r i g i n a l ,  a f t e r  ~ A i z t ~ c ~ ~  ax? after sazczl:-~g. 

fi 
l’(b) - Successive s t a g e  of a n n e a l i n g  a t  400°C for differ- 

e n t  level of damages. 

Frigure 2 - I so the rma l  ( 4 4 0 O C )  a n n e a l i n g  curve for t h r e e  
lieve 1s of damage. 
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